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of sequences which can be economically synthesized and screened. 

Others have developed recombinant methods tor preparing collections of oligomers. See PCT patent publication 
Nos. 91/17271 and 91/19818. 

In another important development, scientists combined the techniques of photolithography, chemistry, and biology 
5 to create large collections of oligomers and other compounds on the surface of a substrate. See US. Patent No. 
5.143.854 and PCT patent publication Nos. 90/15070 and 92/10092 

In the recombinant and VLSIPS™ combinatorial methods, one can uniquely identify each oligomer in the library by 
determining the coding sequences in the recombinant organism or phage or by the location of the oligomer on the 
VLSIPS^" chip. In other methods, however, the identity of a particular oligomer may be difficult to ascertain. What is 
10 needed in these latter methods is an efficient and simple-1o-use method for tagging each particle. Although tagging 
methods have been developed for large objects, see PCT patent publication Nos. 90/14441 and 87/06383. such meth- 
ods are still needed for combinatorial libraries of oligomers. 

From the alx>ve. one can recognize that inproved methods for synthesizing a diverse collection of chemical 
sequences would be beneficial so as to permit drug, diagnostic reagent, pesticide or herbicide discovery using the 
15 resulting diverse collections. 

SUMMARY OF THE INVENTION 

The invention provides a process for preparing a new pharmaceutical drug or diagnostic reagent, which includes 
20 the step of saeening against a ligand or receptor a library of different synthetic compounds, which compounds are 
obtainat>le by synthesis in a component by component fashion which links each compound to one or more identifier 
tags which enable subsequent identification of reactions through which said components were incorporated and con- 
sequent deductive structural identification of said members. 

In another aspect the invention provides a process for preparing a new pharmaceutical drug or diagnostic reagent. 
25 which includes the step of screening against a ligand or receptor a tagged synthetic oligomer library produced by syn- 
thesizing on each of a plurality of solid supports a single oligomer sequence and one or more identifier tags identifying 
said oligomer sequence, said oligomer sequence and identifier tags synthesized in a process comprising the steps of: 

(a) apportioning said supports among a plurality of reaction vessels; 
30 (b) exposing said supports in each reaction vessel to a first oligomer monomer and to a first identifier tag; 
(c) pooling said supports; 

(cO apportioning said supports among a plurality of reaction vessels: 

(e) exposing said supports to a second oligomer monomer and to a second identifier tag monomer; and 

(f) repeating steps (a) through (e) from at least one to twenty times. 

35 

Yet a further aspect is the use of a solid support in pharmaceutical drug or diagnostic reagent identification, said 
solid support comprising a first partide attached to a second particle, said first particle linked to an oligomer and said 
second particle linked to an oligonucleotide identifier tag, and wherein said oligomer is other than an oligonucleotide. 

/Another aspect is a process for preparing a new pharmaceutical drug or diagnostic reagent, which includes the 
40 step of screening against a ligand or receptor an oligomer library which is obtainable by a process comprising: 

In yet further aspects, the invention provkJes processes or a use as above but modified such that the purpose is to 
produce a pesticide or herbkxle. 

The present inverrtion utilises a general stochastic method for synthesizing libraries of random oligomers. The ran- 
dom oligomers are synthesized on sotkJ supports, or particles, but may be cleaved from these supports to provide a sol- 
45 ubie library The oligomers are composed of a sequence of monomers, the monomers being any member of the set of 
molecules that can be joined together to form an oligomer or polymer, i.e.. antino ackis. cart)amates. sulfones, suHox- 
ides, nucleosides, cartwhydrates, ureas, phosphonates. lipids, esters, combinations of tiie same, and the like. The 
library is then screened to isolate indivkiual oligomers that bind to a receptor or possess some desired property. Each 
oligomer sequence in the library is unique, in a preferred embodiment. In another preferred embodiment, tiie solid sup- 
so ports are nonporous beads. The solid supports may be composed of a single particle, or two or more linked particles. 

The invention involves the use of an identifier tag to klentify the sequence of monomers in the oligomer. The iden- 
tifier tag. which may be attached directly to the oligomer with or without an accompanying particle, to a linker attached 
to the oligomer, to the solid support upon which the oligomer is syrrtiiesized. or to a second particle attached to the oli- 
gomer-can-ying particle, may be any recognizat>le feature tiiat in some way carries tiie required information, and tiiat is 
55 decipherable at the level of one or a few solid supports. The solkJ supports may k>e joined to the oligomers and the klen- 
tif ier tag t>y means of one or more linker molecules. 

In a prefen-ed embodiment, the Wentif ier tag will be an oligonucleotide, preferably composed of pyrimkJines or pyri- 
mdines and purine analogs or any type of nucleoside that will not degrade under the coupling conditions used to 
assemble the oligomer library The oligonucleotide identifier tag may contain a 5' and a 3* amplification site, to allow 
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Rn 1 is a schematic representation of corT*)inatorlal oligomer synthesis on partides. 
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nucleotides are, generally. A cind T (or A and U). and C and G. as is well known to those of skill in the art. Two single 
stranded RNA or DNA molecules are said to be "substantially complementary" when the nucleotides of one strand, opti- 
mally aligned, pair with at least about 80% of the nucleotides of the other strand. 

Alternatively, substantial complementarrty exists when an RNA or DNA strarxi will hybridize under selective hybrid- 
5 ization conditions to a complementary nucleic acid. Typically, selective hybridization will occur when there is at least 
about 55% complementarity over a stretch of at least 14 to 25 nucleotides, but more selective hybridization will occur 
as complementarity inaeases to 65%. 75%. 90%. and 100%. See Kanehisa. Nucleic Acids Res. 12:203 (1984) 

Stringent hybridizsttion conditions will typically include salt concentrations of less than about 1 M. such as less than 
500 mM. and will often include salt concentrations of less tfian 200 mM. The hybridization temperature for oligomers 
w will typically be greater than 22''C. such as greater than about 30**C, and will often be in excess of about 37*0. Longer 
fragments may require higher hybridization temperatures for specific hybridization. As other factors may dramatk:ally 
affect the stringency of hybridization (such factors include base composition, length of the complementary strands, 
presence of organic solvents, and extent of base mismatching), the combination of factors is nx>re important than the 
absolute measure of any one factor alone. 
f5 Epitope : The portion of an antigen molecule delineated by the area of interaction with the sutx;lass of receptors 
known as antibodies is an "epitope." 

Identifier tag : An "identifier tag" is a physical attritxite that provides a means whereby one can identify which mon- 
omer reactions an individual solid support has experienced in the synthesis of an oligomer. The identifier tag also 
records the step in the synthesis series in which tiie solid support visited that monomer reaction. The identifier tag may 
20 be any recognizaksle feature, including for example: a microscopically distinguishable shape, size, color, optical density, 
etc.; a differential absorbance or emission of light; chemically reactivity; magnetic or electronic encoded information; or 
any other distinctive mark with the required information, and decipherable at the level of one (or a few) solid support(s). 
A preferred example of such an identifier tag is an oligonucleotide sequence. An "identifier tag" can be coupled directly 
to tiie oligomer synthesized, whetiier or not a solid support is used in the synthesis. In thin latter embodiment, the iden- 
25 tifier tag serves as the "support" for oligomer synthesis. 

Lioand : A "ligand" is a molecule that is recognized by a particular receptor. The agent bound by or reacting with a 
receptor is called a "ligand". a term which is definitionally meaningful only in terms of its counterpart receptor. The term 
"ligand" does not imply any particular molecular size or other structural or compositional feature other than that the sub- 
stance in question is capable of binding or othenwise interacting with the receptor. Also, a "ligand" may serve either as 
do the natural ligand to which the receptor binds, or as a functional anak^gue that may act as an agonist or antagonist. Lig- 
ands that can be investigated t>y this inventk)n include, but are rrat restricted toi agonists and antagonists for cell mem- 
brane receptors, toxins and venoms, viral epitopes, hormones, sugars, cofactors. peptides, enzyme substrates, drugs 
(e.g.. opiates, steroids, etc.). and proteins. 

Monomer : A "monomer" is any member of the set of molecules which can be joined together to form an oligomer 
35 or polymer. The set of nrK>nomers useful in the present invention includes, but is not restricted to. for the example of pep- 
tide synthesis, the set of L-amino acids. D-amino acids, or synthetic amino acids. As used herein, "monomer" refers to 
any member of a basis set for synthesis of an oligomer. For example, dimers of L-amino acids form a basis set of 400 
"nnonomers" for synthesis of polypeptides. Different basis sets of monomers may be used at successive steps in ttie 
synthesis of a polymer. 

40 Oligomer or Polymer : The "oligomer" or "polymer" sequences of tiie present invention are formed from ttie chemi- 
cal or enzymatic addition of monomer subunits. Such oligomers include, for example. tx>tii linear, cyclic, and branched 
polymers of nucleic acids, polysaccharides, phospholipids, and peptides having either alpha-, beta-, or omega-amino 
adds, heteropolymers. polyurethanes. polyesters, polycarbonates, polyureas. polyamides. potyetiiyleneimines, pol- 
yarylene sulfides, polysiloxanes. polyimkJes. polyacetates, or other polymers, as will be readily apparent to one skilled 

45 in the art upon review of this disck>sure. 

Peptide : A "peptide" is an oligomer in whk;h the monomers are alpha amino ackis joined together through amide 
kx)nds. Alternatively, a "peptide" can be referred to as a "polypeptide." In the context of tNs specification, one shoukJ 
appreciate tiiat the amino acids may be tiie L-optical isomer or the D-optical isomer. Peptides are more than two amino 
acid monomers long, but more often are more than 10 amino acid monomers long and can be even longer than 20 

50 amino acids, although peptides longer than 20 amino acids are more likely to be called "polypeptides." Standard single 
letter at)breviations for amino acids are used (e.g., P for proline). 

Oligonucleotides : An "oligonucleotide" is a single-sti^anded DNA or RNA molecule, typically prepared by synthetic 
means. Those oligonucleotides employed in the present invention will usually be 50 to 150 nucleotides in length, pref- 
erat)ly from 80 to 120 nucleotides, altiiough oligonucleotides of different length may be appropriate in some circum- 

55 stances. For instance, in one embodiment of the invention, the oligonucleotide tag and the polymer kientif ied by that tag 
are synthesized in parallel. In this embodiment, the oligonucleotide tag can be built nudeotKle-by-nucleotide in coordi- 
nation witti the monomer-by-monomer addition steps used to synthesize the oligomer. In addition, very short, i.e.. 2 to 
10 nudeotides, oligonucleotides may be used to extend an existing oligonudeotkJe tag to identify a monomer coupling 
step. Suitable oligonucleotides may be prepared by the phosphoramidite method described by Beaucage and Carru- 
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port. When bound to a solid support, the oligomer is usually attached by means of a linker. The linker, prior to attach- 
ment, has an appropriate functional group at each end. one group appropriate for attachment to the support and the 
other group appropriate for attachment to the oligomer. Such a collection may contain, for exanrple, all comt>inations of 
n monomers assemNed into X length oligomers yielding, n^ different compounds. The collection may also contain oli- 

5 gomers having different monomer units at, for example, only one or a small number of positions, while having an iden- 
tical sequence at all other positions. The general method typically involves synthesizing the oligomers in a rarxJom 
combinatorial ("stochasticT fashion by chemical and/or enzymatic assembly of monomer units. 

A synthetic oligomer library may be produced by synthesizing on each of a plurality of solid supports a single oli- 
gomer sequence, the oligomer sequence being different for different solid supports. The oligomer sequence is synthe- 

10 sized in a process comprising the steps of: (a) apportioning the supports in a stochastic manner among a plurality of 
reactbn vessels; (b) exposing the supports in each reaction vessel to a first monomer; (c) pooling the supports; (d) 
apportioning tiie supports in a stochastic manner among the plurality of reaction vessels; (e) exposing the supports in 
each reaction vessel to a second monomer; and (f) repeating steps (a) through (e) from at least one to twenty times. 
Typically, substantially equal numbers of solid supports will be apportioned to each reaction vessel. The monomers may 

15 be chosen from the set of amino acids, and the resulting oligomer is a peptide. 

As a specific example of the method, one may consider the synthesis of peptides three residues in length, assem- 
t>led from a monomer set of three different monomers: A, B, and C. The first monomer is coupled to three different aliq- 
uots of beads, each different monomer in a different aliquot, and the beads from all the reactions are then pooled (see 
Fig. 1 ). The pool now contains approximately equal numbers of three different types solid supports, with each type char- 

20 acterized by the monomer in tiie first residue position. The pool is mixed and redistributed to tiie separate monomer 
reaction tubes or vessels containing A. B. or C as the monomer. The second residue is coupled. 

Following this reaction, each tube now has beads with three different monomers In position one and the monomer 
contained in each particular second reaction tube in position 2. All reactions are pooled again, producing a mixture of 
beads each bearing one of the nine possible dimers. The pool is again distrit)uted among tiie three reaction vessels, 

25 coupled, and pooled. This process of sequential synthesis and mixing yields beads that have passed through all the 
possible reaction pathways, and the collection of beads cfisplays all ti-imers of three amino acids (3^ 27). Thus, a com- 
plete set of the trimers of A, B, and C is constructed. As can be readily appreciated, the use of a sufficientiy large 
number of synthesis beads helps to ensure that tiie set completely represents the various combinations of monomers 
employed in tiiis rarKiom, combinatorial synthesis scheme. 

30 This method of assembling oligomers from many types of monomers requires using the appropriate coupling 
chemistry for a given set of monomer units or txiikiing bk)cks. Any set of buiteling blocks ttiat can be attached to one 
another in a step-by-step fashion can serve as tfie monomer set. The attachment may be mediated by chemical, enzy- 
matic, or otiier means, or by a combination of any of these means. The resulting oligomers can be linear, cyclic, 
branched, or assume various other conformations as will be apparent to those skilled in the art. Techniques for solid 

35 state synthesis of polypeptides are descrit>ed, for example, in Men-ifield. supra . Peptide coupling chemistry is also 
described in The Pg>tides. Vol. 1 (eds. Gross, E., and J. Meienhofer. Academic Press. Orlando (1979)) 

To synthesize the oligomers, a collection of a large number of tiie solid supports is apportioned among a number 
of reaction vessels. In each reaction, a different monomer is coupled to the growing oligomer chain. The monomers may 
be of any type that can be appropriately activated for chemical coupling or accepted for enzymatic coupling. Because 

40 the reactions may be contained in separate reaction vessels, even monomers with different coupling chemistries can 
be used to assemble the oligomers (see The Peptides, suora) . The coupling time for some of the monomer sets may 
be long. For this reason, tiie prefened arrangement is one in which the monomer reactions are earned out in parallel. 
After each coupling step, the solid supports on whk:h are synthesized the oligomers of ttie library are pooled and mixed 
prfor to re-allocation to the individual vessels for the next coupling step. This shuffling process produces solid supports 

45 with many oligomer sequence combinations. If each syrrthesis step has high coupling effidency, tiien substantially all 
the oligomers on a single solid support have the same sequence. That sequence is determined by the synthesis path- 
way (type and sequence of monomer reactions) for any given solid support at the end of the synthesis. The maximum 
length of the oligomers Is typically less than atx>ut 20, usually from 3 to 8 residues in length, but in some cases a lengtii 
of 10 to 12 residues is preferred. Protective groups known to those skilled In the art may be used to prevent spurious 

50 coupling (see The Peptides. Vol. 3 (eds. Gross. E., and J. Meienhofer, Academic Press, Orlando (1981) 

Modifications of this completely random approach are also possil)le. For example, the monomer set may be 
expanded or contracted from step to step; or the monomer set could be changed completely for the next step (e.g., 
amino adds in one step, nucleosides in another step. cartx)hydrates in another step), if the coupling chemistry were 
available (see Gait, Olioonudeotide Synthesis: A Practical Approach. IRL Press, Oxford (1984); Riesen and Danishef- 

55 Sky. J. Amer. Chem. Soc . 111:6656 (1989); and Paulsen. Anoew. Chem. Int. Ed. Enol. 25^12 (1986) 

Monomer Units for peptide syntiiesis, for example, may indude single amino adds or larger peptide units, or botti. One 
variation is to form several pools of varfous sequences on solid supports to be distributed among different monomer 
sets at certain steps of the synthesis. By this approach, one can also txjild digomers of different lengths with either 
related or unrelated sequences, and one can fix certain monomer residues at some positions while varying tiie other 
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described herein primarily with regard to the preparation of molecules containing sequences of amino acids, but the 
invention can readily be applied to the preparation of other oligomers and to any set of compounds that can be synthe- 
sized in a component-by-componerrt fashion, as can be appreciated by those skilled in the art. 

In another embodiment, the same solid support is used for synthesizing all members of the library, but the members 

5 are cleaved from the support prior to screening. In this embodiment, synthesis of tagged oligomers may be accom- 
plished utilizing very large scale immobilized polymer synthesis (VLSIPS^ techniques. See U.S. Patent No. 5.143,854 
and PCT patent publication No. 92/10092, each of which is incorporated herein by reference. An array of oligonucle- 
otides is synthesized on the VLSIPS^" chip, each oligonucleotide linked to the chip by a cleavable group such as a 
disulfide. In one embodiment, each oligonucleotide tag has an amine group at the free end and only contains pyrimidine 

10 or pyrimk:line and purine anabg bases. In addition each oligonucleotide contains binding sites for amplification. I.e.. 
PGR primer sites and optk>nally a sequencing primer site. A short section of each oligonudeotide uniquely codes the 
monomer sequence of the oligomer to be tagged. Then, e.g.. peptides are synthesized, optionally from the free terminal 
amine groups on each oligonucleotide, so that each peptide is linked to a tag. The whole collection of oligonucleotide- 
peptide may be released from the chip to create a soluble tagged oligomer library 

75 More preferably, however, the oligomer library is constructed on beads or particles. One method of bead function- 
alization. with compatrtrfe chemistries for peptide synthesis and round by round attachment of oligonucleotide identifier 
tags, is shown in Figs. 3.1-3.6. Glass beads are derrvatized using aminopropyltriethoxysilane and a beta-alanine spacer 
group is coupled using activated ester methodotogy The oligonucleotide tags may optionally incorporate a biotin group 
to facilitate purification, hybridization. amplificatk>n. or detection (see Pierce ImmunoTechnoloov Catal og and Hand- 

20 book. 1991 Commercially available Fmoc protected amino acids and standard BOP coupling chemistry is employed for 
peptide synthesis (see The Peptides, supra) . Protected polypyrimkline (e.g.. cytidine protected as N'^-Bz-C) and/or 
purine analog containing oligonucleotides resistant to the coupling arxi deprotection reagents used in peptkJe synthesis 
are attached using maleimide chemistry to unmasked thiol groups incorporated Into growing peptide chains at tow fre- 
quency (i.e., 0.1%) as cysteine residues with masked thiol groups (which masks may be selectively removed prior to 

25 tagging). In other embodiments of the invention, one may not need to use protected nucleosides or oligonucleotides. 

However, to maintain the integrity of an oligonudeotide tag during peptide syrrthesis, one may need to use different 
combinations of protecting groups and/or synthetic nucleotides to avoid degradation of tiie tag or the oligomer synthe- 
sized. In general, polypyrimidine oligonucleotide tags are relatively stable under typical peptide synthesis conditions, as 
opposed to oligonucleotide tags that contain natural purine nucleotides, txjt a polypyrimidine nucleotide tag may be 

30 somewhat refractory to amplification by PCR. One may need to incorporate purine bases, or analogs tested for ability 
to withstand peptide coupling (and deprotectton) corxiitions. into the tag to acheive a desired efficiency of amplification. 
For purposes of the present invention, the tag opttonally may contain from 10 to 90%, more preferably 35 to 50%, and 
most preferably 33 to 35%. purine or purine analog nucleotides. The oligonucleotides optionally may contain phosphate 
protecting groups (e.g.. O-methyl phosphates) with greater base stability than tiie standard beta-cyanoethyt group. 

35 which may be susceptible to piperidine cleavage. In such cases, peptide and oligonucleotKle deprotection can be 
effected by sequential treatment witii thiophenol, to'if luoroacetic acid, and etiianolic etiiylenediamine at 55 *'C In another 
embodiment, photolabile alpha-amino protecting groups are used in conjunction with base-labile side chain protecting 
groups for tiie amino acids, and standard beta-cyanoethyl protecting groups are used for the oligonucleotide tags. 
In another emlx)diment, oligonucleotides containing txjth modified or synthetic purines and pyrimidines may be 

40 synthesized in parallel with peptides using conventional Fmoc/Bu protected amino acids. In this method, one can also 
use O-allyl and N-allyloxycarbonyl groups to provide protection for phosphate oxygens and the exocyclic amines of tiie 
nucleoside bases, respectively (see Hayakawa et al., Amer. Chem . Soc. 112: 1691-1696 (1990) employing the mild 
Qxklant ^BuOOH for oxidation at the phosphorous, one can minimize oxidatton of the amino acids methionine, tryp- 
tophan, and histidine (see Hayakawa fit al-, Igtr. L^. 27:4191-4194 (1986) Use of pyridinium hydrochtoride/imWazole 

45 as a phosphporamidite activator leads to selective 5 -O-phosphitylation at the expense of tow levels of spurious reaction 
at nitrogen on the peptide or oligonucleotide (see Gryaznov and Letsinger. Nucleic ACfdS Research 20: 1879-1882 
(1992) The lability of purine nucleotides to strong acid (e.g.. TFA) is avoided by use of phosphoramid'rtes of the purine 
nucleoside analogs 7<leaza-2'-deoxyadenosine and 7<leaza-2'<ieoxyguanosine (see Barr et ai.. BioTechnioues 
4:428-432 (1986), and Scheit. Nucleotide Analogs: Synthesis and Biological Function dp. 64-65 (John Wiley and Sons. 

50 New York) 

The fully assembled peptide and oligonucleotide chains may be deprotected by first treating the products with 30% 
piperkjine in DMFto remove amino-terminal Fmoc groups. Then, the allylic protecting groups are removed using THF 
containing tris (dibenzylkieneacetone) dipalladium-chlorofbrm complex, ti-iphenylphosphine, and n-butylamine/tormic 
acid, followed by a THF wash, an aqueous sodium N,N-diethyldithiocart>amate wash, and a water wash. Finally, the 
55 acid-labile amino ackl protecting groups are removed by treatment with 95:5 TFA/Water. 

Other methods also provide effective orthogonal protection during the parallel assembly of oligonucleotkJes and 
peptides. These methods include use of acid-labile protecting groups on phosphates and exocyclic amines of deoxycy- 
tidine, 7-deaza-deoxyadenosine. and 7-deaza-deoxyguanosine sufficientiy robust to resist the 3% trichloroacetic acid 
used in S'-O-deti'itylation; use of photochemically removable protecting groups on these residues: and combinations of 
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such add and phc«o.abi.e groups (lor phatoUbOe protec«ng groups lor phosphate, see Ba«win M il- 1^- L^- ^- 
6879-6884 (1990) see also figure 5). 

Ill i fi nm ifYinii 1h nffff r'''~'-»"*"'^"''°°^^ 
» li«,y. tracMng », s,nlh»» pa»~» tw 

that oligomer. i^ih. raonnniMhie alohanumeric tags to each bead (see Fig. 2): "A1" 

For exanple. one might attach mwroscopically ."r rneans ttiat the bead participated in the C- 

T-eans that the bead participated in the '^'^-''TZ^^^Jin ^oa At the S of the 3-step syn- 

^omer reaction at step 2, and Y '"f«7^trrr^^ 

thesis, the bead would have three tags A1 ^C2 and . J ,he number 

rdre5:ss^ts^v=T^^^^^ 

rc^f^rec^rc^^SSwas^^norner^add^ln^^^^ 

The identifier tags therefore identify each monomer '^^^^^"^^-^^^ The tags may be attached 

experienced and record the step in the ^V-^^^ "^^JJ^^^f^nS ccS^tMe ^ the' type of iden- 
^ediately before, during, or after the monomer add*^^ 

^"r:r»cSS.wh«,«,lyasn...n*er^^^^^^^^^ 

identrty only those monomers which vary ^!^^J.^^^''^;^^^Tn^^ 6 to 12 Jnino acids long, or one 
peptide. For instance, one might v«nt to ISlL rtS Sa^noS long. One may uniquely identify the 

^gfrt want to change as few as 5 ^""'^^J^^^^^ id^TS iedfying only the amino acids varied in 
sequence of each peptide by prov,d.ng fo ^J*^^^*" 'J^^ ,„ iSi cases all solid supports may remain 

^SL^^cSnisri^rsrsrr^^^ 



40 IV. Typftff^K^'^'erTaQS 

.be identify tag may be any recogni.a«e^t.e m^t^^^^^^^ T^^S^: S^STor e-S: 
size, color, optical density, etc.: differently absorbing or en^ttng of 1^^^ decipherable at the level of 

cally encoded: or in some other ««y^"*:t'lSS«dtr 0*^5^^^^ *e?ibra^^ a variety of 
one (or few) solid supports. Inone ^-J*^^' f^^Jf^^ of which^ be changed and there- 

fluorophores. or other fi^ addressable ^^T^^^^^^lavarieti of f luorophors. each of which can be 
fore used to store informatioa In ^'^^'^^^flJ^S^o^ Snished f Soresence. During each cou- 
selectively photobleached. and so '"^^f^*^^"^^ types of f luorophors. thus reoord- 

pling step, the bead is irradiated (or not) to photoUeach (or 

rr«L~r«entityintheo.igomer^rjth^^^ 3i,es. shapes, or 

-?^trcS^^:=^^^-^= 

or DNA assembled from r«tural information-bearing identifier tags. Oligonucleotides 
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such as PGR (see PGR Protocols: A Guide to Methods and Applications . (Innis. M. Gelfand. D.. Sninsky. J. and White. 
T. Academic Press. San Diego 1990) or by other nudeic acid amplification techniques, such as the ligase chain reac- 
tion and the seH-sustained sequence replication system. The amplified product can be easily sequenced or otherwise 
identified to decode the identity of the peptide on the bead. For this purpose, one can use any of a variety of sequencing 

5 methods, including sequencing by sequence-specific probe hybridization. 

Alternatively, the irrformation may be encoded in the length rather than, or in addition to, the sequence of the oligo- 
nucleotide. If only oligonucleotide length is utilized to represent each specific monomer addition to the oligomer, then 
the identity of tiie oligomer can be decoded by amplifying the oligonucleotide, as described above, and identifying ttie 
labels through any of a variety of size-separation techniques, including polyacrylamide gel electrophoresis or capillary 

10 electrophoresis. 

There are several ways that oligonucleotides can be used as identifier tags. The oligonucleotides can be assem- 
bled base-by-base before, during, or after tiie corresponding oligomer (e.g.. peptide) synthesis step. In one case of 
base-by-base synthesis, the tag for each step is a single nucleotide, or at nnost a very few nucleotides (i.e.. 2 to 5). This 
strategy preserves the order of the steps in tiie linear arrangement of the oligonucleotide chain grown in parallel with 

15 the oligomer. To preserve the chemical compatibility of the parallel synthetic steps (oligonucleotides and peptides, for 
example), one can modify the starxiard synthesis chemistries. 

One variation of base-by-base assembly is the tjlock-toy-block approach; encoded sets of nucleotides ("codons") of 
5 to 10 or more bases are added as protected, activated blocks. Each block carries tine monomer-type information, and 
the order of addition represents the order of the monomer addition reaction. Alternatively, the block may encode the oli- 

20 gomer synthesis step nunnber as well as the morK)mer-type information. 

One could also attach protected (or unprotected) oligonucleotides containing amplification primer sites, monomer- 
specific information, and order-of-reaction information, from 10 to 50 to 150 bases in length, at each step. At the end of 
a series of n oligomer synthesis steps, there would be n differently encoded sets of oligonucleotide identifier tags asso- 
ciated with each oligomer sequence. After identifying the oligomers witii ligand activity, the associated oligonucleotides 

25 are amplified t>y PGR arwl sequenced to decode the identity of the oligomer. 

V. Unking the Identifier Tag(s) to the Oligomer 

The identifier tags may be attached to chemically reactive groups (unmasked thiols or amines, for example) on tiie 
30 surface of a synthesis support functionalized to allow synthesis of an oligomer and attachment or synthesis of the oli- 
gonucleotide identifier tag. The tags coutel also be attached to nrK>nomers tiiat are incorporated into a small F>roportion 
of the oligomer chains; or as caps on a small number of the oligomer chains; or to reactive sites on linkers joining tiie 
oligomer chains to tiie solid support. 

In one embodiment, the solid supports will have chemically reactive groups that are protected using two different 
35 or **orthogonar types of protecting groups. The solid supports will then be exposed to a first deprotection agent or acti- 
vator, removing the first type of protecting group from, for example, the chemically reactive groups tfiat serve as oli- 
gomer synthesis sites. After reaction with the first rrwnomer, the solid supports will then be exposed to a second 
activator which removes the second type of protecting group, exposing, for example, the chemically reactive groups tiiat 
serve as identifier tag attachment sites. One or kxjth of the activators may be in a solution that is contacted with the sup- 
40 ports. 

In anottier embodiment, the linker joining the oligomer and tiie solid support may have chemically reactive groups 
protected by the second type of protecting group. After reaction with tiie first monomer, the solid support bearing the 
linker and the "growing" oligomer will be exposed to a second activator which removes the second type of protecting 
group exposing the site that attaches the identifier tag directiy to the linker, rattier ttian attachment directly to tiie solid 
45 support. 

When activators or deprotection agents are incorporated irrto the method of preparing a synthetic peptide library 
having a plurality of different members, each member comprising a solid support attached to a different single peptide 
sequence and an oligonucleotide identifier tag identifying said peptide sequence, the metiiod comprises: a) apportion- 
ing ttie solid supports among a plurality of reaction vessels; b) reacting the solid supports with a solution in each reac- 

50 tion vessel and treating sequentially with (1) a first activator to remove a first type of protective group from the solid 
support, (2) a first amino acid or peptide to couple sakd amino acid or peptide to said solid support at sites where said 
first type of protective group has been removed; (3) a second activator to remove a second type of protective group from 
the solkl support: and (4) a first nucleotide or oligonucleotide tag to couple said tag at sites where said second type of 
protective group has been removed; c) pooling the solid supports; d) apportfoning tiie pooled solid supports among a 

55 plurality of reaction vessels; and e) repeating step (b) to couple a second amino acid or peptide and a secorxj nucle- 
otide or oligonucleotide tag to said so\td support. 

As noted above, the invention can also be carried out in a mode in which there is no solid support, and the tag is 
attached directly (or tiirough a linker) to the oligomer being synttiesized. The size and composition of the library will be 
determined by the number of coupling steps arKi the monomers used during the synthesis. Those of skill in the art rec- 
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Another possible embodiment is the use of two scM s"PP°rts. ^uch as ^TL^kers) for the IdentHier tags. TOs 
onewith synthesis sHes (or lirrt«rs)for the oligomerandonew^^^^^ 
arrangement allo«« the segregation of oligomers anddertrf^^^ 

species of solid support. 
IS VI. Pn^- 9^'"° Mentifier Tag InformqtiQn 

""^urofS2.Tor»-«= .o.« p«n« ,he use o,, o, »c«», 

oereo siep in ^ne^ u . . ^ ^« g highly specific primer site representing that step. 

thecodingsitesufficientlycfislantfromthesequenangpnmersiletogiveagooa reaa wougnu 
or identif ication region. Kaea in thi« ctriim reoresents one bit of binary code, 

that the proper primers were used and thattl«r^Msl^sd«od .^^^34,,^ same information as region 

bility that a good sequencing "read" will be obtained. 
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Region 7 is a 5'>PCR primer site (20 to 25 bases). This site serves as a site for annealing the second PGR primer 
for amplrfication of the sequence. The length of oligonucleotides with all seven of these features, some of which are 
optional, will commonly be between 75 and 125 bases. 

An 8 bit format can encode 256 different monomer types. The number of steps that can be encoded is determined 
5 by the number of step-specific sets (8 per set) of oligonucleotides on hand. With 1 0 sets (80 oligos) one can encode up 
to 256 different monomers assembled into oligomers up to 10 units long (thus providing encoding capability for up to 
256^° s 1.2 X 10^^ oligomer sequences). The coded identifier tags may be used so that each monomer is assigned a 
specific binary number (e.g. Ala = 00000001 . Gly = 000001 10. etc.). The appropriate oligonucleotides are combined to 
give the correct binary code. 

10 

VII. Recovering and Decoding the Identifier Tag Infomriation 

When specific beads are isolated In a receptor screening experiment, the beads can be segregated individually by 
a number of means, including: Infinite dilution, micromanipulation, or preferat)ly. fluorescence activated cell sorting 
15 (FAGS), although, with respect to the present invention. FAGS is more accurately tluorescence activated oligomer or 
solid support sorting" (see Methods in Cell Biology. Vol. 33 (DarzynWewicz. Z. and Crissman. H.A.. eds.. Academic 
Press); and DangI and Herzenberg. J. Immunol. Mettiods 52:1-14 (1982) 

Once the desired beads have been isolated, one needs to identify the tag to ascertain the sequence of tiie oligomer 
on the bead. 

20 To facilitate tag identification, one has a variety of options. For instance, one could read the tag directiy from the 
bead by sequencing or hybridization, if the tag is an oligonucleotide. One can also amplify oligonucleotide tags to facil- 
itate tag identification. The oligonucleotide identifier tags carried by a single solid support or oligomer can be amplified 
iQ vivo, by cloning, or ia vitro. e.g.. by PGR. If the limit of detection is on the order of 100 molecules, then at least 100 or 
more copies of each oligonucleotide tag on a bead would t>e required. Gopies of the tag are produced, either as single 

25 Stranded oligonucleotides. dout>le-stranded nucleic acids, or mixtures of single and double-stranded nucleic acids, by 
any of a variety of nr^ethods. several of which are described below, and the amplified material is sequenced. In tiie 
embodiment of the invention in which a separate and distinct oligonucleotide tag is added at each monomer addition 
step (as opposed to extending an existing tag at each step), one can amplify alt tags at once and then divide the ampli- 
fied material into as many separate sequencing reactions as there were oligomer synthesis steps (employing a different 

30 sequencing primer for each type of tag). In this embodiment, one could also design the tags so tfiat each tag could be 
ampirf ted separately from the other tags by appropriate cfioice of primer sequences. The sequencing reactions are per- 
formed and run on a standard sequencing gel, and the oligomer sequence is deduced from the code revealed in the 
resulting sequence information. 

An alternative strategy is to use common PGR primers and common sequencing primers (the sequencing primer 

35 may even overiap completely or partially with a PGR primer site) and identify the step by hybridization to oligonucleotide 
probes that are complementary to each step-specific sequence in the oligonucleotides from the bead. A single set of 
sequencing reactions is performed on all of the amplified oligonucleotides from a single bead, and the reactfon products 
are run in a single set of lanes on a gel. The reaction products are then transferred to a suitable hybridization membrane 
and hybridized to a single step-specific probe (see Maniatis et a].. Gold Spring Hart)or Laboratory. Gold Spring Harbor. 

40 NY (1982) 

After detection of the resulting signal, the probe is washed from the membrane arxi another step-specific probe Is 
hytxidized. One could also use the procedure described in EPO put)lication Na 237.362 arvJ POT publication No. 
89/11548 

Parallel hybricfization provides an alternative to sequential hybridization. The sequerx;ing reactions are divided into 
45 a number of aliquots equal to the number of peptide synthesis steps and run in a separate set of lanes for each on the 
sequencing gel. After transfer of the reaction products to a suitable memt>rane, the membrane is cut to separate tiie 
sets of lanes.'Each lane set is then hytvidized to one of a plurality of step-specific oligonucleotide probes (see "Uniplex 
DNA sequencing" and "Multiplex DNA sequencing." in Plex Luminescent Kits Product Cataloo. Bedford. MA. 1990 
As noted atxsve. a single synthesis solid support (or an attached bead bearing a tag. or in solution in a "well") may 
so only comprise a few hundred copies of each oligonucleotide tag. These tags may be amplified, e.g., by PGR or other 
means well known to those skilled in the art. to provide sufficient DNA to be sequenced accurately. The ability to decode 
the oligomers depends on the number of availat>le oligonucleotide identifier tags, the level of amplification that can be 
achieved from the available tags, and the accuracy of sequencing that amplified DNA. 

The most commonly used in vitro DNA amplrfication method is PGR. Alternate amplification methods include, for 
55 example, nucleic add sequence-based amplification (Gompton. Nature 350 :91-92 (1991), arxJ amplified antisense RNA 
(Van Gelder et al.. Proc. Nat. Acad. Sd. USA 85:7652-7656 (1988). which Is incorporated herein by reference), and tiie 
self-sustained sequence replication system (3SR, seeGuatelli etal., Proc. Natl. Acad. Sd. USA 87: 1874-1878 (1990) 
If PGR amplification of an oligonucleotide identifier tag is employed, one may encounter "PGR product contamina- 
tion." caused by the product of one PGR reactfon contaminating a subsequent PGR reaction mixture designed to 
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the product sequences and treafing Za by FECI and Ufe Technolo- 

pre^ous reactions. A specific exanple of ^"t^^^;^'^^^^^^^^^^^^ degrades any 

gies. is to introduce dUMP into the P^'^"^;^"^ ^"^^!^ tem^^e DNA which contains no dU 

dineTthis means that the uracU glycosidase strategy ^'"^^^^.^ '^J^^^nJSuc^ 

TsIS) Will workon only haHof,hestrandsp«>duced-thc^e^^^^^^ 
'conp/ernentary. purine^nly strand; l^e^r^the^^^^^ 

medTatedsdssionof thebackbonaTheoomb.nat.onrtth^tr^nte^ ^^^.^^ 
lamination. Another approach to pre.ent.ng carryover "^'"^^"^^^^Si the corresponding restriction 
could be used for polypyrimidine tags) into '^^^ °^XS2.S«.S^ vS^e^. This me^^ 

n?sepuen.ngamp.KiedDN^one^.yde.restogen^^^^^ 

accomplished by any of several means. «f 'r;"^^"^!^^^^ S^^^ile. U.S. Patent No. 5.066.584 

isusedtoanplHy one^toaleveMO^^ or remove the 

Another means of provxling a s.ngle slmnded ter^a^e^ to ^^^^ Handbook. 1991 

35 pMAR«n»endna. US. Biochemical Corp. 1991. Cleveland OH hybridization technique. To 

tion Nos. 92/10587 and 92/10588 

40 \flll nn rr n nin i R flrm r^ S'^""'' ownomw Libfaries 

immunoglobulin. UrtonHc nn their surfece are analogous to FACS meth- 

TOelecl».iqu«,lo.s«eclioool IndlvKMJ b«Kls d.sflw nWtal. lor Mleaing and 
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bound to the surface using conditions that reduce the avidity of the oligomer/receptor interaction (low pH. for example). 
TTie process of affinity adsorption can be repeated with the eiuted beads, rf desirable. Finally. Individual beads are phys- 
ically separated, for example, by limited dilution, by FACS. or by methods similar to those in which cells are incubated 
with a receptor coupled to small superparamagnetic beads and then cells expressing a ligand for the receptor are 
5 extracted using a high power magnet (see Miftenyi ei al.. Cvtometerv 11:231 -238 (1990), 

Magnetically selected cells can be further analyzed and sorted using FACS. Radionucleotides may also serve to label 
a receptor. 

Alternatively, the present invention can be used to generate libraries of soluble tagged oligomers, which can be 
used with a variety of screening methods. For instance, the oligomer library can be synthesized on beads with an iden- 

10 tifying tag encoding the oligomer sequence. The microscopic k>eads are placed in individual compartments or wells that 
have been "nanofebricated" in a silicon or other suitable surface. The oligomers are cleaved from the beads and remain 
contained within the compartment along with the bead and the attached identifier tag(s). In one embodiment the bot- 
tom surface is coated with the receptor, and after the addition of t>inding buffer and a known ligand for that receptor that 
is f luorescently labelled, one effectively has a solution phase competition assay for novel ligands for the receptor. The 

15 binding of the f luorescently labelled ligand to the receptor is estimated by confocal imaging of the monolayer of immo- 
bilized receptor. Wells with decreased fluorescence on the receptor surface indicate that the released oligomer com- 
petes with the lat^elled ligand. The beads or the tag in wells showing competition are recovered, and the oligonucleotide 
tag is amplified and sequenced to reveal the sequence of the oligomer. 

The beads are loaded in the wells by dispersing them in a volume of loading buffer sufficient to produce an average 

20 of one bead per well. In one embodiment, the solution of beads is placed in a reservoir above the wells, and the beads 
are allowed to settle Into the wells. Cleavage of the oligomers from the beads may be acconplished using chemical or 
thermal systems, but a photodeavable system is prefen-ed. 

Recovery of identifier-tagged beads from positive wells may be effectuated by a micromanipulator plucking out indi- 
vidual beads. However, a prefenred nrKXie involves the use of beads that have been previously lat>elled with a f luores- 

25 cent tag. A laser of the appropriate wavelength is then used to bleach the resident beads in only the positive wells. All 
the beads are then removed en masse and sorted by FACS to identify ttie tileached positives. TTie associated tags may 
then be amplified and decoded. 

In a variation of this assay, the oligomer and tag may be synthesized attached to a common linker, which, in turn, 
is tx)und to the solid support. After placing tiie beads in tiie wells, one can cleave the linker from the bead, producing a 

30 tagged oligomer in solution. An imnfx>bilized receptor, such as a receptor bound to a bead or a receptor immobilized on 
one surface of the well, can be screened in a competition assay with the oligomer and a f hjorescentiy labeled ligand. 
Instead of recovering the beads, one may recover the t>eads bearing immobilized receptors and sort the t>eads using 
FACS to identify positives (diminished fluorescence caused by the library oligomer competing with the labeled ligand) 
or one can determine the fluorescence emitting from the well surface coated with receptor. The associated identifier tag 

35 may then be amplified and decoded. 

In a third variation of this approach, solul^le tagged oligomers, produced either by cleavage of the linked oligomer 
and tag from the solid support as described atx>ve. or synthesized by tiie VLSIPS^"* method described above, or syn- 
thesized in solution without a solid support, are incut>ated with an immobilized receptor. After a wash step, the bound, 
tagged oligomers are released from tfie receptor by. e.g., add f eatment. The tags of the bound oligomers are amplified 

40 and decoded. 

IX. An Automated Instrument for Oligomer Synthesis and Taoairw 

The coupling steps for some of the monomer sets (amino acids, for example) require a lengthy incubation time. arKi 
45 a system for performing many monomer additions in parallel is desirable. This can be accomplished with an automated 
instrument able to perform 50 to 100 parallel reactions (channels). Such an instrument is capable of distributing the 
reaction mixture or stuny of synthesis solid supports, under programmable control, to the various channels for pooling, 
mixing, and redistritxjtion. 

Much of the plumbing typical of peptide synthesizers is required, with a large number of reservoirs for the diversity 
so of monomers and the number of tags (up to 80 for a 1 0 step synthesis, in one embodiment) employed. The tag dispens- 
ing capability will translate simple instructions into tiie proper mixture of tags and dispense that mixture. Monomer build- 
ing blocks will £Uso be dispensed, as desired, as specified mixtures. Reaction agitation, temperature and time control 
may be provkfed. An appropriately designed instrument may also serve as a nrulti-channel peptide synthesizer capable 
of producing 1 to 50 mgs (crude) of up to 100 specific peptides for assay purposes. See PCT patent publication 
55 91/17823 
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EXAMPLE I. SYNTHESIS ON GLASS BEADS OF 4 FLUORESCENTLY TAGGED PENTAPEPTIDES 

A. Derh/atization of Glas s Beads 

(2x) and then dried at 85 **C for 12 hours, 
p Pr^orofinn rrf Boc-Glv-L-Phe-L-Leu-OH 

at room temperature tor 4 hou.^ ^.^^.^^'^^ rSTa^ S^^l^BCi^ J ElOAc (2x. 
urated\«th h«ane to afford Boc-Gly-L-Phe-L-Leu-OH as a whrte solid (y.eld=642 mg. 98%). 
^ PrfflTfiritiiffn'7f^*^-L-Phft-i -tau Beads 

Boc-Cay-L-Phe-L-Leu-OH (44 mg, 0.1 mmol). benzotriazd-1-yloxytris(dimethylartno)phosph^ 

chlorkjTcax). ethand {2x). and methylene chloride (2x). and dned at 55 "C for 1 hour. 

n P,op^« ^ti»n of GIv-Glv-l -PhP-i -I eii Beads fSEQ ID NO:10) 

Fmoc-glyclne pemal.uoropheny. ester (46 mg. 0.1 mmol, was d^ej l^iSrJktlT^teSsI^^ 
ethylamine (17 m. 0.1 mmd). About 0.65 of Ws ^^^^^^^^ (4x) and 

« ?SJSrs we?e wiii vl DMF (2x). ethanol (2x), and methylene chlonde (2x) and dned at 60 for 4 hours. 
E p^ « ^ration of I -Prcvniv-L.P hy-l -Lau Beads (SEQ ID NQil 1) 

55 F Flimrescein «ttaining of Gl y -f^y-L-Pha-L-L«i Beads 

About 5.4 mg of Gly^y-L-Phe-L-Leu beads were suspended in 450 »d of aquecu« ^rate buff j 8^^.^ 54 
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available amino groips had been titrated with FITC. 

G. Co-couDllna of L-Tyroslne and Biotin to Mixture of L-Pro-Gly-L-Phe- L-Leu and FITC labelled GIv-Gly-L-Phe-ULeu 

Beads 

5 mg of FITC labelled Gly-Gly-L-Phe-L-Leu beads and 5 mg L-Pro-Gly-L-Phe-L-Leu beads were mixed together in 
a single tube, vortexed with a 0.1 mM solution of diisopropylethylamine in methylene chloride, and the suspension was 
divided into two equal portions. The beads were pelleted, and to one portion was added a solution containing Fmoc-O- 
tert-butyl-L-tyrosine pentafluorophenyt ester (59 mg. 95 ^moQ. N-hydroxysuocinimidobiotin (1.7 mg, 5 ^mol) and diiso- 
propylethylamine (17 lillOO ^mol) in dry DMF (1 ml). After vortexing for 3 hours the beads were washed with distilled 
water (2x), ethanol (2x), methylene chloride (2x) and DMF (1x). Fmoc deprotection was effected by treatment with a 
20% solution of piperidine in DMF for 30 min., and tert-txjtyl side chain protecting groups were removed by treatment 
with 25% trif luoroacetic add in methylene cNoride for 30 min. The pelleted beads were washed with methylene chloride 
(2x), ethanol (2x). and TBS (1x). 

H. R-Phycoerythrin Staining of Biotinytat ed L-Tyr-(Gly/L-Pro>-Glv-L-Phe-L-Leu Beads (Mixture of SEQ ID NO:12 and 
SEQ IP NO:13^ 

Biotinylated L-tyrosine beads from (G) above were suspended in TBS (0.5 ml) and treated with 10 ^1 of R-phyco- 
erythrin-avidin conjugate (Molecular Probes) for 30 min. Pelleted beads were washed with TBS (5x). 

I. Co-coupling of L-Proline and Biotin to Mixture of L-PrQ^y-L>Phe-L-Leu and FITC labelled Gly-Gly-L-Phe-L-Leu 

Beads (Mixture of SEQ IP NQ;i5 and Seq id no:14) 

5 mg of a mixture of L-Pro-Gly-L-Phe-L-Leu and FITC labelled Gly-Gly-L-Phe-L-Leu beads were treated with a 
solution containing Fmoc-L-proline pentafluorophenyl ester (48 mg. 95 nmol), N-hydroxysuccinimidobiotin (1.7 mg, 5 
limol). and diisopropylethylamine (1 7 nl, 1 00 ^mol) in dry DMF (1 ml). After vortex treatment for 3 hours, the beads were 
washed with DMF (2x). ethanol (2x), methylene chloride (2x). and DMF (1x). Fmoc deprotection was effected by treat- 
ment with a 20% solution of piperidine in DMF for 30 min.. and by way of control, the beads were treated with 25% tri- 
fluoroacetic acid in methylene chloride for 30 min. The pelleted beads were washed with methylene chloride (2x), 
ethanol (2x). and TBS (1x). 

J. Tri-Color StaininQ of Biotinylated L-Pro-(Gay/L-Pro)-Gly-L-Phe>L-Leu Beads 

Biotinylated L-proline beads from (i) above are suspended in TBS (0.5 ml) and treated with 20 \i\ Tri-Color: strepta- 
vidin conjugate (Caltag Labs) for 30 min. Pelleted-beads are washed with TBS (5x). 

K. Selection of Beads Containing Peptide Uoands for Monoclonal Antibody 3E7 

Monoclonal antibody 3E7 was raised against the opioid peptide beta-endorphin. The binding specif icrty of MAb 3E7 
has been well characterized by solution assays with chemically synthesized peptides. The equilibrium binding con- 
stants (Kd) of the peptides considered here are as follows: YGGFL is 6.6 nM; and YPGFL, PPGFl.. and PGGFL are 
each >1 mM: thus, only the peptide YGGFL shows appreciable affinity for the antikxxly. 

A mixture of beads containing either YGGFL. YPGFL, PGGFL, or PPGFL and their respective tags (see above) are 
added in phosphate buffered saline (PBS) containing monoclonal antibody 3E7 that has been previously conjugated to 
colloidal superparamagnetic microbeads (Miltenyi Biotec. West Germany). After a 16h (hr) incut>ation at 4 ''C. beads 
which bind the 3E7 antibody are selected using a high strength magnet. The selected beads are then analyzed by flow 
cytometry. Analysis of the selected beads reveals that they contain both fluorescein and R-phycoerythrin, indicating that 
only beads displaying the peptide YGGFL are selected the 3E7 antibody. 

EXAMPLE 2: SYNTHESIS ON GLASS BEADS OF 4 PENTAPEPTIDES TAGGED WITH OLIGONUCLEOTIDE IDEN- 
TIFIERS 

A. Synthesis of Identifier Oligonucleotides (IWIV^ 

The oligonucleotide identifier tags (l)-(IV) have the sequerK:es shown below. The regions complementary to the 5' 
and 3' PCR primers are underlined. The regions complementary to the step-specific sequendng primers are shown in 
lower case: there are two steps in this example. The monomer encoding region is shown in bold type: CTy encodes Gly. 
TCTg encodes L-Pro. and TTCT5 encodes L-Tyr in this case. Thus oligos (l)-(IV) code respectively for Gly in position 2, 
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L-Pro in position 2. L-Tyr in position 1 . and L-Pro in position 1 . 

(I) 5-.BiB2.ciTrcii£oa£:caaiiic^^ 

Cl ICl 1 U 1 1 rC IXn-CCOTTCTCCTCTCrCccctttctctcctttc 
^r^r-rrrrrrcrCTrTTCrnQQ-y (SEQIDNO:!) 

(ID J nr? mr-TT^-^^^^rT'^^^'^^^'-' '''' 

Cl 1 1 e 1 1 i 1 1 r C TCrCCCTCTCICCTCrCTCcxctttctctcctttc 
^^r-rrTrrrCTCJcrrTrrrnCC-y (SEQIDNa-2) 

(m) 5 -BlB2<nTrCTT£QO^:££iaTT^^ 
Cl l i ICl 1 i 1 fC TCTCCCTCTCrCCTCrCTCtcttcctttcccctct 
ir^-r-r^^^r-rrrr-rrrrrrcca- (SEQroNO:3) 
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(IV) s'-BiB2-cTTKrns:aoca3£^^ 

Cl 1 IC l 11 i 1 ICl C TCCCTCTCTCCICTCrCtcttcctttcccctct 
, „ , ,_,^^^.^Tr-p-p-TrTrrTrrCC-3- (SEQIDNO:4) 

..ere. =p.Ma,^n,«o^H.KCH.)3-C(0,NH-(CH^e<>PO.^ B. . CH.-CHI(CH^.NH-Bio.U„.CH..>PO.- 

phosphoramidites. The N Wo S^'^f^'": ^^^^Jt^^^r^ and Biotin Phosphoramidite 

penultimate (82) phosphoramidites are respectively Amffmiwo^^ oUgomersare cleaved from the 

?aen ReseaU tor each oligonudeotide. The fuy 

CPG support l>y treatmem wrth ,pfer?V a^^ Wl-lengt^ material is ehited with 2 mM 

chromatography on a "^^^^'^^'^'^I^ZS^Im for 1 hour at 25 -C. and the solution is ««po- 
biotin. The 5--MMT group is '^^J^J^^^^^^'^ti jStS with a 50-fold excess of succinimidyl 4-{p- 

rr^S^ZSS^erSfn^™^^^^ 
"^'^.l^ruS^PCRS'^eSngareprepa^^ 

o • =. Tr-rTrTrrrTCTTTTCTCCTCT-S- (corresponds to bases 7-28 of SEQ ID NO:1) 

11 sXiinXJ« S-AQAGAGC3GGAAAGGAAGA-3- (SEQ ID NO:6^ 
IZ S ISS Sr 5-AGGAAAGGAGAGAAAGGG-3- (SEQ ID NO:7, 

p r rrpnrnf ' "V- ^-' -P"'^'-'-"' Bwrinq Identifier Oliqo (D 

5 mg Of G.-L-Phe-L.Leu be^s are .eat«. - ^^^^^^^^J^^^^^^ 
Cys(Npys)-OH (0.05 C^^iochem) benzotnazoM^yto)q^^^ ^ ^L) for 2 

(100 ^inoi). l-hydroxybenzotriazole hydrate (100 ^mol). ^^^^^^^^X^,^ wi^h a 10 mM DTT solution 
LrTrhi beads are washed with DMF (2x) and tf.env.tt, JJ'^^^^^J^v^h ice^^ld methanol (2x). 
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C. Preparation of L-Pro-Gly-L-Phe-L-Leu Beads Bearing identifier Oliao (W) 

5 mg of Gly-L-Phe-L-Leu beads are treated as in (b) above, substituting Fmoc-L-Pro-OH and aigo (II) for Fmoc- 
GlyOH and Oligo (I), respectively. 

5 

D. Preparation of(O^Bu)-L-Tyr-(Gly/L-Pro)-G(v-L-Phe-L-Leu Beads Bearino Identifier Oiiaos (III and 1/10 

Beads from (b) and (c) are pooled and divided into two equal portions. One portion is treated as in (b). substituting 
Fmoc(OtBu)-L-Tyr-OH and Oligo (III) as appropriate. 

10 

E. Preparation of L-Pro-(Gly/L-Pro)-Glv-L-Phe-L-Leu Beads Bearino Identifier Olioos f IV and l/ll) 

The second pool is heated as before, substituting Fmoc-L-Pro-OH and Oligo (IV) as appropriate. 

15 F. Reconstitution and Deorotection of the Peptide Library 

Beads from (d) and (e) are pooled, and the phosphate, amino acid side-chain, and nucleotide exocyclic amino pro- 
tecting groups are removed as follows. A one hour treatment with a 1 :2:2 mixture of thiophenol; triethylamine: p-dioxane 
is followed by washing the beads with methanol (2x) and then methylene chloride (2x). and then the beads are treated 
20 for 5 min. with 95:5 trifluoroacetic acid: ethanedithiol. After a wash witii methanol (3x). the beads are treated at 55 ""C 
with 1 :1 ethylenediamlne: ethanol for 1 iiour and then washed first with ethanol (2x) and then with PBS (2x). This col- 
lection of beads constitutes the library and contains approximately equal quantities of the 4 immobilized peptides 
YGGFU YPGFL, PGGFL and PPGFL. Additionally, each bead can-ies two distinct 113 bp oligonucleotide sequences 
encoding the identities of both tiie first and second amino acids of the peptide on that bead. 

25 

G. PGR Amplification of Oligonucleotide Identifier Tag 

After a FAC sort of affinity purified beads into individual 0.5 mL polypropylene tubes. 25 ^J of TBS containing 0.1 
Jig salmon sperm DNA (as carrier) are added together with 25 \ii of 2X PGR Amplification Buffer (PEGI) to each tube. 

30 The 2X buffer contains: 100 mM KCI; 20 mM Tris-CI. pH 8.4, 20 degrees G; 6 mM ^4gCl2; 0.4 mM dNTP's; 1 fiM of 5' 
PGR primer; 1 ^M of 3' PGR primer; and 100 units/ml Taq DNA polymerase. 

After buffer addition, the sample is covered with 50 iiJ of mineral oil and transferred to an automated thermal cycler. 
In tiie tiienmal cycler, tiie samples are heat denatured at 95 ''G for 2 min, and tiien cycled 35 times through 3 steps: 
95<'G /30 sec., eO^'C/l min., 72 "^C /I min.. which steps are followed by an incubation at 72 ^'C for an additional 5 min. 

35 and then the tubes are cooled and held at 1 5 **G until ready for processing on streptavidin beads. TTie mixture is heated 
to 95 °C to denature the strands, and the biotinylated purine sfrand and excess 3' PGR primer are renx>ved by addition 
of streptavidin-coated beads. The tubes are centrifoged at 2005 for 5 min. The supernatant is used in the sequencing 
reactions, as descrBDed below. 

40 H. Sequencing of PGR Amplified Qiigonudeotide Taos 

The amplified oligonucleotides from individual bead isolates are sequenced in a pair of reactions (using ddA or ddQ 
as chain terminators) with eittier the Step #1 -specific or the Step ^-specific sequencing primers. 

To anneal the template and primer, for each set of two sequencing lanes, a single annealing and subsequent labe- 
45 ling reactfon is run by combining 8.5 ^il of sequencing primer (conc.= 0.25 pmol/nO. 1 -5 nl Sequenase™ 5X sequencing 
buffer (200 mM Tris HGI, pH 7.5; 1 00 nr^ MgG^; and 250 mM NaQ). and 10 nl of template DNA from the amplif ication 
supernatant above. The samples are heated for 2 minutes at 65 and allowed to cool slowly to room temperature 
(approx. 10 minutes). 

The labeling reaction is performed as follows. Sequenase^** (v2 0) is diluted 1 : 20 with TE (10 mM Tris HGI, pH 7.5; 
50 and 1 mM EDTA). and a labeling cocktail containing a 2 : 3.5 ratio of diluted enzyme to labeling mix (i.e., a 4 : 2 : 1 mix- 
ture of 150 nM dGTP, 0.1 M dithiothreitol, alpha-^S-dATP, >1000 GiAnmol) is prepared. About 5.5 of the cocktail are 
incubated with 10 mI of annealed template/primer (from (i)) at 25 °G for 5 min. 

The termination reactions are performed as follows. 6 jil of labeling reaction mixture are added to 5 jil of each of 
the appropriate ddXTP termination reaction mixes (i.e., 80 \iM dGTP. 80 |xM dATP. 50 mM NaGl, and 8 ^M ddGTP or 8 
55 (iM ddATP). After incidbation at 37 ^'G for 5 min.. about 8 |il of Stop Solution (95% fornnamide, 20 mM EDTA, 0.05% 
bromophenoi blue, and 0.05% xylene cyanoQ are added to each of the termination reactions. 

The sequencing gel is comprised of 6% total acrylamide (19:1 acrylamide/bis), 0.09 M Tris base. 0.09 M boric ackJ, 
1 mM EDTA, and 7 M urea. The gel is polymerized by addition of 1.9 ^ll of 25% ammonium persulfate per ml and 0.72 
^1 of TEMED per ml of above gel solution. The get is allowed to polymerize at least one hour and is prerun at least 20 
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An and 50 "C prior to and during the run. 
The information requiredto 
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and (4) thyrrtdne (see Figure 6). are prepa 
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vortexing. pelleting, and decant»>g. a process 3,,.„,«>hosphate (HBTU. 38 mg. 0.10 
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reagents for a further 30 min. and the beads are washed with DMF (3x) and then with MeCN (3x). 

F. Construction of First Oligonucleotide "Codon" 

5 A "cxxion" of about 3 to 5 nucleotides uniquely representing the identity of the first amino acid is then built at the 5* 

end of the oligonucleotide chain using the 8-step coupling cyde in procedure (d) above. 

G. CouDlino of Subse quent Amino Adds and "Codon" Construction 

10 The methods of procedures (e) and (f) are then repeated using the appropriate amino acid and nudeotide building 
blocks until the desired peptide and the oligonudeotide coding region are cornpletely assembled. 

H. Construction of a 5* PCR Priming Site 

IS The 8-step coupling cycle of procedure (d) is used to build a 20-25 nudeotide PCR priming site on the 5' terminus 
of the oligonucleotide chains. 

I. Deprotection of the Olioonudeotide andi Peptide Chains 

20 The fully assembled peptide and oligonudeotide chains are deprotected as follows. The amino-terminal Fmoc 
groups are removed by treatment with 30% piperidine in DMF and then a wash with THF (3x). To remove the allylic pro- 
tecting groups, the beads are treated with a THF solution containing tris(dibenzylideneacetone) dipalladium-chloroform 
complex (0.02 M). triphenylphosphine (0.2 M), and 1 :1 n-butylamine/formic acid (1 .2 M) at 50°C for 30 min. and the pel- 
leted beads are washed with THF. The beads are washed with 0.1 M aqueous sodium N,N<liethyldithiocart>amate and 

25 then water to remove traces of palladium. The amino acid protecting groups are then removed by treatment with 95:5 
TFAAwater for 30 min. "Scavenger" reagents such as 1 ,2-ethanedithiol and thioanisole may also be included in this 
acidic deprotection medium (e.g., 2% of each by volume). Finally, the fully deprotected beads are washed with aqueous 
buffer and are ready for interaction with a biological receptor. 

30 EXAMPLE 4: UBRARY PREPARATION AND SCREENING 

In this example, two populations of amine derivatized beads were labeled with oligonudeotides possessing base 
sequences uniquely characteristic of each bead population. The population l^eled with an oligonudeotde 95 bases in 
length (95 mer) was subsequently coupled to the peptide YGGFL The population of beads labeled with an oligonude- 

35 otide 1 10 bases in length (110 mer) was coupled to phenyalanine (F). The beads were then mixed in the ratio of twenty 
F/1 10 mer beads for each YGGFUSS mer bead and stained with a fluorescerrtly labeled antibody 3E7 that binds the 
peptide YGGFL with high affinity. Individual fluorescerrtly stained beads could then be sorted by FACS directly into PCR 
tubes. After PCR, 5 of 6 f luoresently stained beads gave rise to a fragment of amplified DNA 95 bp long. PCR off the 
remaining single bead gave rise to small DNA f ragmerns. possibly being primer dimer. 

40 The oligonudeotides used in this experiment are the two tags, two PCR primers, and one sequendng primer. The 
same PCR and sequencing primers were used for the two tags. The two tags differ in their sequence arxJ length. Both 
tags were composed of the fc>ases 7-deazaA, C, and T. 
The 95 mer tag has the sequence: 

« CCA CTC ACT ACC ACT CTA CTA TAA CC A CCC CTT CCT ATT CCA AAA TTA 

C:AA Act tat etc aac tac ate tCA CAC TC A CTC ATC T<rr ACA TOT AC (SEQ ID 
NO:8) 

so 

The 1 10 mer tag has the sequence: 

CCA CTC ACT ACC ACT CTA CTA TAA CC C TCC CCT ATT CCA AAA TTA CAT 
« CCT ATT CCA AAA TTA CAA Act tat etc aac tac ate tCA CAC TCA CTC ATC TCT 
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ArATCTAC (SEQ ID Na9) 



binding site 
A R^;^ri Preparation 
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desCTibed below. , ^ . m uoi anri unrtevad 15 min The beads were pelleted, decanted, and 

Beads (200 mg) were treated with 1 .0 ml of 1 N arri «Kt«ed ISj^a T^^ J- 

washed with three times (3x) with ro mL of wa er ^'^^'^t' (HBTU; 38 mg. 

thewashedpelletwasadded2-(1HJer«c*ja^^ 3^ 54 o, 

0.1 mmole). i-hydroxybenzotnazole hydrate (HOST. 15 '^\^'^^>: ^-^^^ (4.9<lioxa-1.12-dodecar»- 

diisopropylethylar^netDI^O^nj^^^^^^ 

ediamine. 94 nmole) were added. After ^ ,0% water in DMF was added. The beads were 

leled by centrifugation. The superralart was [f "J dJ?^* waS. 
vortexed an additional 15 min. and fInalV washed 3x with 1.0 ml of DMF each wash. 

p r>|i^| ^irJfioiHde A ttachment 

Twodifferenttargetoligonudeot^eswereen^loyedintt^^^^ 

o«des were composed of the bases <^«t;*?T^rnusl5^S nS?S C-?2 SSTSesearch). Lyophillzed 
sized with a primary amino ^^r^^t^r^f^r^J^J^^ 

rroiiJ^SiC^rr^irsS):"^^^^^^ 

b^ee^n-SS^at^^^r^^^ 
namide ester of the oligonucleotide. , ^ •„ , ^ oi m Na-ohosohale pH 7.5. which contained O.i mg/mL 

This activated oligonucleotide was d^solved .n ^^^^■'^^'^^^^^ZmtT^ beads. After vortex treate- 

Sro^^Jjri^NlSrrSSbeadswerewash^ 

r. PofytHjlp Attachment 

TO Boc-YGGFL or Boc-Phe (Boc = t*«taxy.:aH>^amine^ot«^^^^ 
mmole), HOBT (0.1 mmole). 1 .0 ml of 10% DMF in "'«»V'^<^^' SSiSS^JSSSbeled beads. The solution 
to dssolve the solids, 0.4 m I of the pept.de ^^.^^^L'^^^ JS^nSning Boc-Phe was added 

containing Boc-YGGFL was added to beads labeled wrth ^ii^^ed centrifuged. 

tobeads labeled with thel10mer.Thereacbonm.xtu^^^ 

so n Mmno. St aining, and Sorting 

F in the ratio of 1:20. Thus, 0.1 mg of 95 mer/YGGFL ^^J^jT^"^' ,pBS i% BSA. and O.OS^Tween- 
mer/Phe beads (40 million beads). The ^-^^f^^ :e2S^'X cS^on ^ resuspended in a 

^ '^Z^T^^^^^^^^^^^ .g^OThesuspens^nwas 
incubated 0.5 on ice and ^^J^;S^,^^^ZZ«esce^^ activated ceU sorting (FACS) instrument 
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acquired fluorescence, and fluorescent beads were isolated by sorting into PGR tubes. One. ten. or one hundred fluo- 
rescent beads were sorted into each PGR tube. In an analogous manner, non-f luorescerrt k>ead& were also sorted into 
PGR tubes. 

5 E. Amoiif ication of Sorted Beads 

To each PGR tube containing a bead or beads was added 25 of PGR txjffer (20 mM Tris-HGI, pH 8.7; 10 mM 
KCL: 10 mM (NH4)2S04; 2 mM MgGIgl 0.1% Triton X-100; 0.14 mg/ml BSA; 200 pm dATP; 200 ^im dGTP; 200 ^m 
dCTP; 200 ^m dTTP; 2 fim primer #1 ; 2 ^m primer and 0.5 units of Pfu DNA polymerase). Reactions were sub- 
10 jected to 40 cycles of 95**C for 0.5 min., 55'G for 1 min.. and 72*G for 1 min. 

Gel loading dye (2 ^L) was added to 10 ^1 of each PGR, and the sample was run on a 2% low melting point agarase 
gel. DNA fragments were visualized by staining with ethidium bromide and exposure to UV light. Five of six of the tubes 
containing single flourescent beads gave rise to DNA fragments 95 base pairs in length, confirming that these beads 
were coupled to YGGFL and not F. Tubes containing 10 or 100 fluorescent beads also gave rise to 95 mer DNA frag- 
15 ments. Gonversly. none of the tubes containing 1 , 10. or 100 non-fluorescent beads gave rise to 95 mer fragments. 

There were, however, anomalous amplification products smaller than 110 bp from amplification of the tags of non- 
fluorescent beads. These anomalous products may have arisen through the use of unprotected oligonucleotide tags In 
this example, which may have allowed the free exocydic amines to couple to the F amino acid, thereby rendering the 
tag subject to anomalous amplification. This problem would not have affected the 95 mer tag to the same extent. 
20 because YGGFL would be less reactive with the exocyclic amines than F. 

EXAMPLE 5: LIBRARY SYtMTHESIS AND SGREENING 

This example is illustrated schematically in Figure 9. Bri^ly. a single population of amine derivatized beads (pre- 
25 pared as described in Example 4) was coupled to glycine. The population was then divided into two equal parts, and 
each part was labeled with a characteristic oligonucleotide that would uniquely Identify the bead subpopulation. The 
subpopulatlon that had t>een labeled with an oligonucleotde 95 bases in length (the 95 mer described in Example 4) 
was sut)sequently coupled to the peptide YGGFL The population of beads that had been labeled with an oligonucle- 
otide 110 bases in length (the 110 mer described In Example 4) was coupled to the peptide FLFLF (SEQ ID NO: 16) 
30 The beads were then mixed in the ratio of twenty FLFLF/1 10 mer beads for each YGGFU95 mer bead (I.e.. 20:1) and 
stained with a f luorescentty labeled antibody (SET) that binds the peptide sequence YGGFL with high affinity. Individual 
f luorescently stained beads and unstained beads were sorted directly into PGR tubes. Upon PGR. all the f luoresently 
stained beads gave rise to a fragment of amplified DNA 95 k>ase pairs in length, and all the unstained beads gave rise 
to a fragment 110 base pairs in length. 

35 

A. Peptide GoMplinq Step #1 

To Fmoc-Gly (Fmoc = 9-fluorenylmethoxycartx)nyl amine protecting group; 0.1 mmole) was added HBTU (0.1 
mnx)le). HOBT (0.1 mmole). 1.0 ml of 10% DMF in methylene chloride, and DIEA (0.3 mmole). After vortex treatment 
40 to dissolve the solids. 0.4 mL of the solution containing the activated amino acid was added to 50 mg of diamine deri- 
vatized beads. The reaction mixture was vortexed 30 min. and then diluted with DMF, centrlfuged. decanted, and the 
bead pellet washed twice with 1 .0 ml of DMF. The coupling reaction was then repeated. The beads were then treated 
with 1 .0 m 1 of 30% piperidine in DMF with vortexing for 1h to deprotect the glycine amino group. 

45 B. Oligonucleotide Labelino 

Two different target oligonucleotides were employed in this experiment: the 95 mer and 110 mer described in 
Example 4. Half of the bead sample described above (25 mg) was labeled with the 95 mer, and the other half was 
labeled with the 1 10 mer. These oligonudeotides are composed of 2'-deoxy-cytidine, thymidine, and 2'-deoxy-7-<ieaza- 

50 adenosine. The oligonucleotides were synthesized with a primary amino group on the 5*-terminus (MMT-Cl2-Ami- 
nomodifier. Glonetech Latxjratories, Inc.). Lyophillzed oligonucleotide (1.5 nmole) was dissolved in 10 ^1 of 0.5 M Na- 
phosphate. pH 7.7, and the solution was then treated with 20 ^1 of 0.2 M disucdnimydylsuberate (DSS). The reaction 
proceeded 10 min.. and then, 70 nl of Ice-cold water were added. Unreacted DSS was removed by centrifugation. The 
supernatant was passed through a G-25 spin column that had been equilitvated with water. The eluant was irrvnedi- 

55 ately frozen and lyophillzed to isolate the S'-N-hydroxysucctnamide ester of the oligonucleotida This activated oligonu- 
cleotide was dissolved in 100 ^1 of 0.1 M Na-phosphate, pH 7.5. which contained 0.1 mg/ml of sonicated salmon sperm 
DNA. This solution was added to 25 mg of glycine-coupled beads. After vortex treatment for 3h the beads were washed 
twice with 0.4 m of 0. 1 M Na-phosphate. pH 7.5, and twice with 0.4 ml of 0. 1 N NaOH. Rnaliy. the beads were washed 
three times with 0.4 ml of pH 7.5 buffer. 
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n. o^i^ nniiplina Step #2 

-r vor^fTi or Rnr PLFLF fBoc - t-butoxyKaitJonvl amine protecting group: 0.02 mmole) was added HBTU 
Jueetimes Sh 0.5 ml of 0.1 M Na-phosphate. pH 7.5. and Stored as a slurry (10 mgAnI). 



D. Mixing. Stai ning, ^nd Sorting 



m^r/Fi FLF beads (AO million beads). The mixture was suspended in blocking buffer (PBS. i% Ht>M. ^^^J^^ 
pensior, was incubated O.S h on ice and th^nxertrifufled to ^l^Se^ited cell sorUng (FAGS) Instrumerrt 
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g PCRftf Sorted Beads 



cent population produced only fragments 1 10 base pairs in length (see Figure 1 1). 
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SEQUKNCE LISTING 



5 (1) GENERAL INFORMATION: 

(i) APPLICANT: DOWER, WILLIAM J 
BARRETT, RONALD W 
GALLOP, MARX A 
10 NEEDELS, MICHAEL C 

(ii) TITLE OF INVENTION: METHOD OF SYNTHESIZING DIVERSE 
COLLECTIONS OF OLIGOMERS 

,5 (iii) NUMBER OF SEQUENCES: 16 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: TOWNSEND AND TOWNSEND 

(B) STREET: 1 MARKET PLAZA, STEDART TOWER, SUITE 2000 

(C) CITY: SAN FRANCISCO 

(D) STATE: CALIFORNIA 

(E) COUNTRY: USA 

(F) ZIP: 94105 

(V) COMPUTER READABLE FORM: 
25 (A) MEDIUM TYPE: Floppy disk 

(B) COMPtJTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1-0, Version #1.25 

30 (vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

« (Viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Smith, William M. 

(B) REGISTRATION NUMBER: 30,223 

(C) REFERENCE/ DOCKET NUMBER: 11509-36-1 

(ix) TELECOMMUNICATION INFORMATION: 
^ (A) TELEPHONE: 415-543-9600 

(B) TELEFAX: 415-543-5043 
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60 
111 



(2) IMFOFHATIOM FOR SEQ ID NO:l: 

Jbi T«PE: nucleic acid 
/C> STRANDEDNESS: sxngle 
(D) TOPOLCXSY: linear 

(ii) MOLECOIX we: cOHA 
fxi^ SEQUENCE DESCRIPTION: SEQ ID HO:l: 

'^Zc cccxrrcxcx ccmccrcc tcxcc^ -™ c 

(2) IMFOKMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE characteristics: 

m length: 111 base pairs 
W\ type: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOIXXJY: linear 

(ii) MOLECULE type: cOHA 

(Xi) SEQUENCE description: SEQ ID MO:2: 

CTTTCTTCCT CTCCCTCTTT TCTCCTCTTC TTTTTTCTCC TTTCTTCTTT 

.«..nv-«CC TCTCCTCTCT CTCTTCTTTC C 
CTCCrCTCTC CCCTTTCTCT CCTTTCCXCC TCTCCX 

(2) INFORMATION FOR SEQ ID HO:3: 

(i\ SEQUENCE CHARACTERISTICS: 
^ ' (A) LENGTH: 115 base paxrs 
(B type: nucleic acid 
ic) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

« (ii) MOLECULE TYPE: cDHA 

CXCCCTCTTT 

" ,,,^c TCTTCCTTTC CCCTCTCTCT CTCCTCrCCT CTCTCTCrT 
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(2) INFORMATION FOR SEQ ID NO: 4: 

<i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 115 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMDEONESS: single 
(O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
CTTTCTTCCT CTCCCTCTTT TCTCCTCTTC TTTTTTCTCC TTTCTTTTTT CTCTCCCTCT 60 
CTCCTCTCTC TCTTCCTTTC CCC T CTCTCT CTCCTCTCCT CTCTCTCTTC TTTCC 115 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: cDNA 

<xi) SEQUENCE DESCRIPTIONS SEQ ID NO: 5: 
GGAAAGAAGA GAGAGAGGAG AGG 23 

30 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
35 (B) TYPE: nucZeic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: Iduc^ear 

(ii) MOLECULE TYPE: cDNA 
40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

AGAGAGGGGA AAGGAAGA 
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(2, IHFOBMATIOM FOR SEQ « »0:7: 

S ^SoioGY-. linear 
<ii) MOI£COI£ TWE: CDMA 
txi) SEQOEHCE OESCRIPWOK: SEQ ID HO:7: 
AGGAAAGGAG AGAAAGGG 

(2, INFOBMATIOH FOR SEQ ID HO-.S: 
20 ^(D) TOPOIX)GY: Ixncar 



15 



30 



35 
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(ii) MOLECULE type: cOKA 

cccx^cT. c^cTcrxcr x»««ccc c^»«c 
„CT.C«CT cxccTCXcr c«=xcT«:» «T.C 

s«<«c. ■==«=^°" „™c»TCc T»rrcc«« 
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(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Gly Gly Phe Leu 
1 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Pro Gly Phe Leu 
1 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: eunino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Tyr Gly Gly Phe Leu 
1 5 
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(2, IHFORMATION FOR SEQ ID »0:13: 

(ii) MOIXCOLE TWE: peptide 

Tyr pro Giy Phe Leu 
1 

rai type: amino acid 
j?) SpOUXJY: linear 

(ii) MOMICOUE TVPE: peptide 

(,i) SBQUEHCB OESCKXPTXOH: SEO XD H0:X.: 

pro Gly Gly Pbe Leu 
X 

(2, INFOimATION FOR SEQ ID HO;l5: 

111 ?S§LoSf -net? 
(ii) MOLECOLE type: peptide 
(.i) SEOUEHCE OESCRIPTIO.: SEQ ID «0:X5 

pro pro Gly Phe 
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(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQtJENCE DESCRIPTION: SEQ ID NO: 16: 

Phe Leu Phe Leu Phe 
1 5 



Claims 

1. A prcx:ess for preparing a new pharmaceutical drug or diagnostic reagent, which includes the step of screening 
against a Hgand or receptor a library of different synthetic compounds, which compounds are obtainable by synthe- 
sis in a component by component fashion which links each compound to one or more identifier tags which enable 
subsequent identification of reactions through which said components were incorporated and consequent deduc- 
tive structural identification of said members. 

2. A process of claim 1 , wherein the library comprises a plurality of different members, each member comprising an 
oligomer composed of a sequence of nfK>nomers linked to one or more identifier tags identifying the sequence of 
monomers in said oligomer. 

3. A process of claim 2, wherein sakj linkage between said oiigonter and said kJentif ier tag comprises a solid support. 

4. A process of claim 2 or claim 3, wherein said identifier tag is attached to said oligomer. 

5. A process of any one of claims 2 to 4 , wherein the library has about 1 0® different members. 

6. A process of any one of claims 2 to 5, wherein said oligomer is a peptide or an oligonucleotide. 

7. A process of any one of claims 2 to 6. wherein said identifier tag is a fluorescent marker. 

8. A process for preparing a new pharmaceutical drug or diagnostic reagent, which includes the step of screening 
against a iigand or receptor a tagged synthetic oligomer library produced by synthesizing on each of a plurality of 
soiki supports a single oligomer sequence and one or more identifier tags klentifying saki oligomer sequence, said 
oligomer sequerKe and identifier tags synthesized in a process comprising the steps of: 

(a) apportioning said supports among a plurality of reaction vessels; 

(b) exposing said supports in each reaction vessel to a first oligomer monomer and to a first identifier tag; 

(c) pooling sakl supports; 

(d) apportioning said supports among a plurality of reaction vessels; 

(e) exposing said supports to a second oligomer monomer and to a second kfentifier tag monomer; and 

(f) repeating steps (a) tiirough (e) from at least one to twenty times. 

9. The use of a solkJ support in pharmaceutical drug or diagnostic reagent idertif feation. said solid support comprising 
a first particle attached to a second particle, said first particle linked to an oligomer and saki second particle linked 
to an oligonucleotkie klentif ier tag, and wherein sakl oligomer is other than an oligonucleotide. 

10. A process for preparing a new pharmaceutical drug or diagnostic reagent, which includes the step of screening 
against a Iigand or receptor an oligomer library which is obtainable by a process comprising: 

recording each step in a sequence of oligomer monomer additions in the synthesis of an oligomer library, the 
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sequence. 

1 1 A process o. daim 10. wherein, in said process whereby the oligomer library '^^^l' ^ 
ffrSSi2teg.8ub6equerrtide,itHiertaasarea^ 

12 A orocess o. claim 10 or claim 1 1 . wherein, in said process whereby the oligomer library is obtainable, a peptide 
JS^^gdi^d^ide on a solid support are synthesize., said method comprising: 

(a) prepanngabifunctionai solid support containingafirst type of active srteW^ 

(0 repeating steps Cb) through (e) from one to twenty times. 
13. Aprocess Of any one Of cteimslto 8. 10.11or 12. Wherein said drugadiagnostic reagent is devel^ 

result of said screening. 

Sr^7identif ier tag. and wherein said oligomer is other than an ol^onucleotKJe. 

16. Apharmaceuticaldrugordiagnosticreagentobfainedby aprocessof any oneof daims 1 to 8. 10. 11. l2or l3or 
identified in a use of claim 9. 

1 7. A pesticide or herbicide obtained l>y a process of claim 1 4 or identif ied in a use as daimed in daim 1 5. 
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